These findings indicated that the two mutations caused raises a question as to how the action of BMPs is neither a tremendous loss nor an enhancement of the tightly restricted to the region within and around the biological activity of BMP-4. We next examined whether cells that produce them. Here, we have demonstrated the affinity of the mutant BMP-4 ligands for the BMP that a basic core of only three amino acids in the receptor was altered. We analyzed the interaction be-N-terminal region of BMP-4 is required for its restrictween the BMP-4 ligands and sBMPR, an extracellular tion to the non-neural ectoderm as its expression dodomain of BMPRIA (ALK3), the type I receptor that is main. Our results also suggest that heparan sulfate specific for BMP-2/4, using a surface plasmon resoproteoglycans bind to this basic core and thus play a nance biosensor. Both of the mutant BMP-4 proteins role in trapping BMP-4. The present study is the first retained binding affinities for the type I receptor that to identify the critical domain of BMP that is responsiwere indistinguishable from that of WTBMP-4 (Figure ble for its interaction with the extracellular environ-1C), suggesting that the affinity for the receptor was ment that restricts its diffusion in vivo.
lated BMP signal transducers Smad1 and Smad5, which are known to faithfully represent the activation of the BMP signal [9, 10] . We used an antibody (PS1) that preferentially recognizes the BMP-driven phosphorylated forms of Smad (pSmad) 1, 5, and 8 [11] . The effect of BMP was also examined by detecting Xbra mRNA expression by whole-mount in situ hybridization [1, 8] . WTBMP-4-expressing donor animal caps not only induced the nuclear translocation of BMP-driven pSmads within the cap, but also influenced the juxtaposed, conjugated animal caps in the few rows of cells closest to the donor cap ( Figure 2G ). This short-range effect was also confirmed by staining for Xbra mRNA ( Figure 2J Figure 2D ), as assessed with PS2 antibodies, which detect activin activity [11] by preferentially recognizing activin/nodal/Vg1-driven phosphorylated Smad2. These anti-pSmad immunoreactivities indicated by PS2 or PS1 were diminished by the overexpression of a dominantnegative receptor of activin or BMP in the recipient caps ( Figures 2E and 2F) . These results led us to propose that the basic amino acids in the N-terminal region of BMP-4 and, particularly, the RKK residues play an essential role in conferring on BMP-4 a short-range action in the animal cap. . Based on their sequences, this difference cannot be simply explained by our current hypothesis, and it is therefore likely that another unknown molecular mechanism exists that distinguishes Squint from Cyclops in terms of diffusion efficacy. In Xenopus, Xnr-2 is a short-range signaling factor [1] , although it lacks this basic core in its N-terminal region ( Figure 1B) . Therefore, the restriction of ligand diffusion by basic amino acids may be a mechanism that is specific to BMP-related molecules. It is tempting to speculate that in addition to the proteoglycans other as yet unknown being a short-range signal, we performed a conjugate
